ABSTRACT 7 LKAB has started a new pelletizing plant at Malmberget, where the raw material will be a 8 mix of ores from Kiruna and Malmberget. The new plant necessitated an investment in a new 9 grinding section in the concentrator. As usual, the new section has larger mills. It also lacks 10 the wet cobbing stage present in the old sections. 11
1
LKAB has since the beginning of the 1900´s produced iron ore from mines in Kiruna and 2
Malmberget and is today one of the world´s leading producers of highly refined iron ore 3 products. The main product is pellets, for blast furnaces and direct reduction furnaces. Today 4 there is a higher demand from the customers and to obtain a good quality it is important to 5 have good control over the process and the raw material used. 6 LKAB started the new pelletization plant at Malmberget (MK3) in November 2006. The 7 raw material will be a mix from Kiruna and Malmberget, i.e., different ores having different 8
Fe-content and levels of contaminants (Martinsson and Wanhainen, 2000) . 9
That is why the traceability of the continuous process is one of the crucial factors for 10 future development of granular product(s). Traceability gives the advantage to have a better 11 control over the material through the process and there can be adjustments taken, if needed. It 12 can show "the current" values of different parameters and how much we have to adjust to 13 achieve the goals. In food and pharmacy industries it is very common to use different 14 traceability tools but in the mining industry, which is mostly a continuous process, traceability 15 is an untouched area. 16
As mentioned earlier, traceability is common in part or batch production and often 17 relatively easy to achieve, since different kinds of identification markers can be attached to a 18 unit or different parameter can be measured at different process stages. In continuous 19 processes on the other hand the main part of the collected data relate to process variables that 20 are frequently measured, while product data are limited and infrequently measured (Hild et 21 al., 2000) . 22 Also, the literature dealing with traceability is dominated by applications from parts 1 production. However, creating traceability in continuous processes implies vast challenges: 2 process flows can be parallel, serial and circular; sub-processes can be continuous as well as 3 batch-wise; have large buffers or no interruptions in product handling. The purpose of this 4 paper is to compile and describe how process mineralogy could be used for achieving 5 traceability in continuous processes. In this case the grinding sections are in focus, and 6 multivariate data analysis is used to interpret the mineralogy and textures of the minerals in this 7 section. 8 9
MATERIAL 10 11
Most iron ores contain significant amounts of gangue minerals that need to be eleminated 12 to produce iron concentrates. At Malmberget, the dominant iron mineral is magnetite but also 13 hematite occurs. Gangue minerals are mostly quartz, pyroxene, apatite, and feldspar (Geijer, 14 1930) . 15
Material from the mine is sent to the concentrator plant which separates the minerals into 16 two parts, tail and product (Kvarnström and Oghazi, 2008) . 17
The samples that are used in these studies are from the concentrator's, old section 5 and the 18 new section 6. The flowsheet for the new grinding section 6 resemble the one for section 5, the only 13 difference is that there is no wet cobbing stage before the primary mill. Here, ball mill 14 grinding is used in three consecutive steps with wet low intensity magnetic separators in 15 between. It is important to grind to, approximate 68% < 45µm to liberate gangue minerals, 16 and to reach the desirable size distribution for the pellets feed. In the result part there is a 17 complete data of how each mill performs (Table1). 
14
It is important that the liberation data for minerals in a sample come from a sieve fraction. 15
Test and comparisons have shown that measured liberation of specific size particles in 16 unsieved samples are not the same as the sieved sample. For unsieved samples, the result is 17 not correct (Petruk, 2003) . 18 To have a good view over the different samples, Particle Texture Analysis (PTA) was 1 done at NTNU, Trondheim, Norway. The PTA data system is based on the Oxford Inca 2 Feature software and an existing scanning electron microscope (Moen, 2006) . Using Back 3 Scattered Electrons (BSE) the images are analysed by means of grey level and every grain of 4 interest is analysed with X-rays. With the Inca data information the images will be processed 5 and calibrated (grey-scale and binary images); and the grains will be identified and evaluated 6 if they are liberated or in composite particles and which minerals occur in the composite 7 mineral. When all particles is analysed, the data will be imported to the PTA software. The 8 PTA software gives plots and thumbnail images regarding mineral liberation, mineral 9 association analysis and intergrowth analysis. 10 11
Multivariate Data Analysis 12 13
For achieving good control and having better overview of the process data it is necessary 14 to collect data with many variables and many properties from the process. By using 15 multivariate data analysis (MVDA) these variables will be explained and expressed and 16 condensed into a few latent variables or principal components so it will be easier to 17 understand the importence and contribution of each variable. The particle size analysis from section 6 gives similar results compared with the results of 8 section 5. The grinding ratio in the primary mill is dramatically higher than the secondary and 9 tertiary mills, which is due to the well known fact that the larger particles grind easily. Size 10 distribution analyses from the output of the primary mill and the input to the secondary mill 11 indicate that the LIMS mainly eliminates smaller gangue minerals fractions. This may explain 12 why the feed to the secondary mill is coarser than the discharge from the primary mill. On the 13 other hand, the analysis from output of the secondary mill reveals that the magnetic separator 14 does not change the particle size for the feed to the tertiary mill. The result gives that all mills in the new section 6 has a better grindability compared to the 3 old section. However, for the coarse end of the particle size range it is not that clear, since 4 there is no consistent difference between the sections. The PTA gives us information of how different minerals are distributed at different 10 fractions. As it is shown in Figure 4 it is clear that the magnetite content decrease with 11 fraction size. This is due to the sugar grain structure of the Malmberget magnetite, which 12 easily breaks along grain boundaries. Feldspar and pyrox/amphibole are more evenly 13 distributed over the size fractions, while apatite occurs largely below 100µm. 14 15 The PTA also shows how minerals are liberated in different fractions. In this case 7 magnetite is overall well liberated in the fractions examined, but there is also some other 8 minerals that are associated with magnetite. In the largest fraction, associated minerals are 9 plagioclase and ilmenite. 10 With PTA it is also possible to have a god overview over the mineral liberation. It is 11 calculated by the area method, an area of mineral in interest is measured and also the host 12 particle in the polished section, and calculating the percent of mineral in the particle. 13
However, the liberation result is not shown here, since the liberation was 90% or better in all 14 cases.
Multivariate analysis 1 2
All the data from the PTA were collected and arranged in different Excel files, and then 3 imported into the software SIMCA. Each particle was an observation in a data file with 4 variables according to Table 2 . A typical PTA data for one sample contained of 7000-10000 5 observations/particles. PCA-models were created to check for pattern in the data. Here, the 6 score and loading plots are used. They give important information about variables that are 7 responsible for the pattern seen among the observation and how they are related to each other. 8 9 
Overview 2 3
The first analysis is run to get an overview based on all identifications and parameters in 4 Table 2 . 5 Table 3 . Overview of R2 and Q2 for the model of feed to section 5. The score plot shows the relationship among the observations (minerals). This plot can be 13 seen as window in the X space, where the objects (particles) are projected on a 2 dimensional 14 hyperplane in the 65 variable space. In figure 5 it is shown there is a separation between the 15 magnetite and the gangue minerals in the second direction. There is also a separation between 16 the gangue minerals which put them in different groups. 17 In the first PCA overview the material is clearly spread out in the first direction. 4
In figure 6 which is a loading plot, show Si (Wt%) The loading plot for the primary mill section 6 is very similar to the loading plot from 8 section 5,and therefore not shown. This proves that the pattern found is systematic. PC 9 direction 1 carries length/size information, while PC3 is mostly Mean grey. 10 11 Table 5 . Overview of R2 and Q2 for the developed models in Section 6. The score plot for apatite in section 6 is very similar to section 5, but there are some 2 differences. It is obvious that there is more apatite in section 6 after the last mill compared to 3 section 5. A significant factor is that there is no cobbing stage before section 6, and it is also 4 important to have control over all reflux flows and other flows that are connected to this 5 section. 6 
